Glutamate acting on N-methyl-D-aspartate receptors attenuates insulin-like growth factor-1 receptor tyrosine phosphorylation and its survival signaling properties in rat hippocampal neurons.
Impairing intracellular signaling induced by survival factors and excess glutamate have recently been suggested to play important role in neurodegenerative processes. However, the underlying mechanism(s) and interrelationships between these factors mostly remain to be established. In the present study, we show that glutamate attenuates the tyrosine phosphorylation of the insulin-like growth factor-1 (IGF-1) receptor and the survival effect of IGF-1 (100 nm) in hippocampal cultured neurons. Pretreatment of cultured hippocampal neurons with glutamate concentration dependently inhibited the tyrosine phosphorylation of IGF-1 receptors as well as that of IRS-1 and Shc, two IGF-1 receptor adapter proteins. The effect of glutamate was also evident on the phosphorylation of Akt, as well as its upstream kinase PI3K/PDK1 and downstream targets, GSK3beta and FOXO3a. The inhibitory effect of glutamate (1 mm) was blocked by antagonists of the N-methyl-d-aspartate (NMDA) receptor, including MK801 (20 microm) and AP5 (100 microm), but not by blockers of other ionotropic or metabotropic glutamate receptor sub-types demonstrating the involvement of the NMDA receptor. This hypothesis is supported further by the observation that treatment with NMDA concentration dependently inhibited the activation and phosphorylation of IGF-1 receptors and downstream targets induced by IGF-1 (100 nm). These findings demonstrate that glutamate can block the effect of IGF-1 by decreasing IGF-1 receptor signaling and responsiveness, hence attenuating the survival properties of this trophic factor in neuronal cells. Our results also suggest a novel mechanism by which glutamate can reduce cell viability and induce neurotoxicity.